This paper reports measurements of processes: e + e − → γK
− → γφη and e + e − → γφπ 0 . The initial state radiated photon allows to cover the hadronic final state in the energy range from thresholds up to ≈ 4.6 GeV. The overall size of the data sample analyzed is 232 fb −1 , collected by the BABAR detector running at the PEP-II e + e − storage ring. From the Dalitz plot analysis of the K 0 S K ± π ∓ final state, moduli and relative phase of the isoscalar and the isovector components of the e + e − → KK * (892) cross section are determined. Parameters of φ and ρ recurrences are also measured, using a global fitting procedure which exploits the interconnection among amplitudes, moduli and phases of the e + e − → K
, φη final states. The cross section for the OZI-forbidden process e + e − → φπ 0 , and the J/ψ branching fractions to KK * (892) and K + K − η are also measured.
I. INTRODUCTION
The BABAR detector [1] , designed to study timedependent CP -violation in B decays, is very well suited to study hadronic final state production. At an e + e − collider, lower center-of-mass (c.m.) energies can be studied using initial state radiation (ISR). The possibility of exploiting such processes was first outlined in Ref. [2] and discussed in Refs. [3] [4] [5] .
The cross section σ γf to radiate a photon of energy E γ and subsequently produce a definite hadronic final state f is related to the corresponding e + e − production cross section σ f (s) by:
where x = 2E γ / √ s, √ s is the nominal e + e − c.m. energy and E c.m. ≡ s(1 − x) is the effective c.m. energy at which the final state f is produced. This quantity can be determined, for instance, by measuring the invariant mass of the hadronic final state. The radiator function W (s, x), which describes the probability density for photon emission, can be evaluated with better than 1% accuracy (see for example Ref. [6] ). The radiator function falls rapidly with increasing E γ , but has a long tail, which produces sizeable event rates at very low E c.m. . In the present study we require the ISR photon to be detected in the BABAR electromagnetic calorimeter. The angular distribution of the ISR photon peaks along the beam direction, but 10 − 15% [5] of the photons are emitted within the detector acceptance.
II. THE BABAR DETECTOR AND DATASET
The data used in this analysis, collected with the BABAR detector at the PEP-II storage ring, correspond to an integrated luminosity of 232 fb −1 . Charged-particle momenta are measured in a tracking system consisting of a five-layer double-sided silicon vertex tracker (SVT) and a 40-layer central drift chamber (DCH), immersed in a 1.5 T axial magnetic field. An internally reflecting ring-imaging Cherenkov detector (DIRC) with quartz bar radiators provides charged-particle identification. A CsI electromagnetic calorimeter (EMC) is used to detect and identify photons and electrons. Muons are identified in the instrumented magnetic flux return system (IFR).
Electron candidates are selected using the ratio of the shower energy deposited in the EMC to the measured momentum, the shower shape, the specific ionization in the DCH, and the Cherenkov angle measured by the DIRC. Muons are identified by the depth of penetration into the IFR, the IFR cluster geometry, and the energy deposited in the EMC. Charged pion and kaon candidates are selected using a likelihood function based on the specific ionization in the DCH and SVT, and the Cherenkov angle measured in the DIRC. Photon candidates are defined as clusters in the EMC that have a shape consistent with an electromagnetic shower, without an associated charged track.
In order to study the detector acceptance and efficiency, a special package of simulation programs for radiative processes has been developed. Algorithms for generating hadronic final states via ISR are derived from Ref. [7] . Multiple soft-photon emission from initialstate charged particles is implemented by means of the structure-function technique [8, 9] , while extra photon radiation from final-state particles is simulated via the PHOTOS package [10] .
The e + e − → K 0 S K ± π ∓ γ, K + K − π 0 γ, φηγ and φπ 0 γ reactions are simulated with the hadronic final states generated according to their phase space distributions. Both processes e + e − → P 1 P 2 P 3 and e + e − → V P [7] , where P (i) and V are pseudoscalar and vector mesons, respectively, are used in the simulation. To evaluate the backgrounds, a number of different ISR-produced final states, such as 4π, KKππ, and φπ 0 π 0 , are simulated as well. The quark-antiquark continuum production and hadronization (qq background in the following, where q = u, d, s, c) and τ τ events are simulated using JET-SET [11] and KORALB [12] , respectively.
The generated events undergo a detector simulation based on GEANT4 [13] and are analyzed as experimental data.
III. EVENT SELECTION AND KINEMATICS
A preliminary set of selection criteria are applied to the data regardless of the final state under study. We consider only charged tracks emitted at a polar angle between 0.45 and 2.40 radians and that extrapolate within 0.25 cm of the beam axis and within 3 cm of the nominal collision point along the axis. We retain photon candidates with energy above 30 MeV and emitted at a polar angle between 0.35 and 2.40 radians. The highest-energy photon, assumed to be the ISR photon, is required to have an energy greater than 3 GeV.
We then apply channel specific selection criteria and subject each candidate event to a one-constraint (1C) kinematic fit, both to select the signal and to estimate the background contamination. The fit uses as input the measured quantities (momenta and angles) of the selected charged tracks and photons, together with the associated error matrices. However, because of the excellent resolution of the DCH, the three-momentum vector of the ISR photon is better determined through the momentum conservation than through the measurement in the EMC, thus reducing the number of constraints to one. For final states containing a π 0 or an η, we perform the kinematic fit for every possible pair of detected photons, without applying a mass constraint, and retain the pair producing the lowest χ 2 . The fitting procedure predicts the ISR photon direction, which is then required to be consistent with the observed ISR photon within 15 mrad. In order to reduce multi-photon events, we also require, that no more than 400 MeV of additional neutral energy, besides the ISR and π 0 (η) decay photons, be detected in the EMC. This cut has no effect on signal events.
We select as π 0 (η) candidates γγ pairs whose masses lie in the range 0.110 − 0.160 (0.520 − 0.580) GeV/c 2 . In calculating the invariant masses of these pairs, we use the photon momenta resulting from the 1C fits described above. This improves the π 0 , η mass resolution by ≈ 20%. To get rid of the contamination due to addi-tional soft photons produced by machine background or by interactions in the detector material, we require both photons used for π 0 or η candidates to have an energy greater than 60 MeV and at least one cluster containing more than 100 MeV.
As K 0 S candidates, we select pairs of charged tracks forming a vertex with a good χ 2 at least 2 mm away from the event primary vertex, and whose π + π − invariant mass lies within 15 MeV/c 2 of the nominal K 0 S mass. We also require that θ K 0 S , the angle between the K 0 S momentum vector and the line connecting the K 0 S vertex to the primary vertex position, satisfy the condition cos(θ K 0 S ) > 0.99. For the purposes of the 1C fit described earlier, the K 0 S candidate is treated as a single particle and its covariance matrix is used as the corresponding track covariance matrix.
Charged kaon and pion candidates are selected using likelihood ratios for the hypotheses e, µ, π, K, and p based upon specific ionization measurements in the SVT and DCH, and Cherenkov light observed in the DIRC. The algorithm used here for K ± identification is over 80% efficient in the momentum range of interest, with π, µ, p, e → K misidentification rates well below 2%. 
IV. THE
We require exactly four charged tracks with zero net charge, two of them coming from the primary vertex of the event and identified respectively as a kaon and a pion, and the other two forming a K 0 S . Figure 1 shows the χ 2 distribution of the selected data sample, together with three different MC simulations: signal events, background contribution due to e + e − → qq, and ISR-produced processes 
These processes differ from the signal only by one K − π exchange, and produce a χ 2 distribution peaking at low values. The direct simulation of these two sources of background yields to respectively 44 ± 15 and 10 ± 5 events in the χ 2 signal region, where the errors are taken from the uncertainties of the corresponding production cross sections [14] . The cross sections for the background processes in continuumproduction are poorly known; this type of background is almost exclusively produced by processes like
with the π 0 decaying into two very energetically asymmetric photons and/or photons merged in a single EMC cluster that fake the ISR photon. This class of events, as a consequence, produces a sharp peak at the π 0 invariant mass when the fake ISR photon is combined with another photon in the event. Figure 3 (a) depicts the invariant mass combination of the candidate ISR photon with any other photon in the event. A sharp peak at the π 0 mass is evident for theMC sample, while the signal and the data distributions are both essentially flat in that region. We perform a fit to the data distribution, combining with weights the distributions ofbackground and signal. The difference between the shapes of the signal anddistributions allows to obtain unambiguously the weights from the fit. We find a weight for theof about 1/9, which translates into 72 ± 42background events.
Any remaining background due to other ISR processes should results in a relatively flat χ 2 distribution, as a consequence of the mis-reconstructed final state. We check the consistency of the χ 2 distribution by normalizing the data and the simulated K 0 S K ± π ∓ sample to the first bin of the data distribution (see Fig. 1 ), after subtracting the already estimated background components. The difference between data and normalized signal distributions gives an estimate of additional background events consistent with zero. As a cross-check, we show in Fig. 3(b) the invariant mass distribution of any pair of detected photons in the event, not including the ISR photon. The very good agreement between the data and the simulated signal sample and the absence of a peak at the π 0 mass, confirm that background contribution from final states with extra π 0 's is negligible. The K 0 S K ± π ∓ invariant mass distribution for the final sample is shown in Fig. 4 , together with the estimatedand ISR backgrounds. The final signal yield after background subtraction consists of 3714 events. 
B. Cross section for
The cross section for the e + e − → K 0 S K ± π ∓ process as a function of the effective c.m. energy, E c.m. , is evaluated from:
where E c.m. is the invariant mass of the reconstructed K
∓ events after background subtraction in the interval dE c.m. , and ǫ(E c.m. ) is the corresponding detection efficiency obtained from the signal MC simulation. The differential luminosity, dL(E c.m. ), in each interval dE c.m. , is evaluated from ISR µµγ events with the photon in the same fiducial range used for simulation; the procedure is described in Refs. [15, 16] . From data-simulation comparison, we conservatively estimate a systematic uncertainty of 3.0% on dL. This error also includes the uncertainties on radiative corrections, estimated from a MC simulation to be ≈ 1%.
The efficiency, that accounts also for the K
decay rate, has been corrected for differences between data and simulation: the angular distributions are different from the simulated distributions because the latter, based on a phase space model, do not account for the presence of intermediate resonant states. However, the angular acceptance is essentially uniform for ISR events, so the uncertainty in estimated efficiencies due to imprecise modeling of the process dynamics is, at most, 3.0%. We study several control samples to determine any difference on track reconstruction efficiency between data and simulation. We find that the MC efficiency is overestimated by 0.8% per charged track, with an uncertainty of ±0.5%. Analogously, we determine a correction of 2.6% on the K 0 S reconstruction efficiency, with an associated systematic uncertainty of 1.1%. The uncertainties onand ISR background estimates lead to systematic errors of 1.1% and 0.5%, respectively.
The main systematic uncertainties assigned to the measurement are summarized in Table I . The corrections applied to the measured cross sections sum to +4.2%, while the estimated total systematic error is ±5.1%. For a typical ISR reaction, the selection efficiency is expected to have a smooth behavior as a function of E c.m. . Therefore, we fit the efficiency values obtained from MC as shown in Fig. 5 , and use the fit result, together with the estimated corrections, to obtain the cross section plotted in Fig. 6 . The cross section has a maximum of about 3.8 nb around 1.65 GeV, and a long tail. The only clear structure observed at higher energies is the J/ψ . In the inset of the same figure the cross section at energies higher than the J/ψ is shown: there is no evidence of the recently discovered Y (4260) resonance [18] , we obtain an upper limit for Γ
.. An excess of events is observed at ≈ 4.2 GeV: there are 15 events in a 40 MeV energy window, to be compared to an expectation of 5 events, corresponding to a probability of 2.2×10 −4 to be a statistical fluctuation of the cross section.
The values of the measured cross section are reported in Table II 
candidate events by requiring two charged tracks identified as kaons, and two photons forming a π 0 candidate, in addition to the ISR photon. In order to avoid any possible contamination from events with intermediate
2 , where M KK is the invariant mass of the K + K − system. As previously described, we perform the kinematic fit for every possible pair of selected photons and we retain for each event the γγ combination giving the lowest χ 2 . Figure 8 shows the χ 2 distribution of the selected data sample, and the normalized distributions of signal MC simulation and different background sources (qq and e + e − → ωγ → π + π − π 0 γ). The selection procedure results in 1524 events with a χ 2 < 20. Applying a procedure analogous to the one described in the previous section for the K 0 S K ± π ∓ analysis, we determine 62 ± 35and 84 ± 27 ISR-background events from different ISR processes. The mass spectrum of the selected sample is shown in Fig. 9 , together with the estimatedand ISR backgrounds. After background subtraction, 1378 signal events are retained.
As in the K Table III (variable width bin size). Figure 12 shows a comparison with the DM2 measurement [19] .
The cross section values shown in Fig. 11 include only statistical errors. The inset of the same figure is an enlarged view of the 3.3 − 4.6 GeV energy region, there is no evidence of the Y (4260), and we estimate an upper limit for Γ
The systematic errors are summarized in Table IV, along with the corrections applied to the cross section measurements [15, 16] . The correction and systematic error associated with the MC/data difference in the π 0 reconstruction efficiency have been studied using the ISR-produced high statistics channel ωπ
. It has been found that the MC efficiency is 3.0 ± 3.0% higher than the data. The corrections applied to the measured cross sections sum to +4.6%, while the estimated total systematic error is ±6.5%.
VI. THE DALITZ PLOT ANALYSIS FOR
Figures 13 and 14 show the Dalitz plot at c.m. energies below 3.1 GeV for the
final states, respectively. We observe that the intermediate states KK * (892) and KK * 2 (1430), carrying the allowed combinations of quantum numbers, give the main contributions to the KKπ production, while KK * 1 (1410) contributes only weakly due to the small value of Γ(K *
, and we expect a Dalitz plot with a symmetric population density with respect to the exchange
can be produced. The population density of the Dalitz plot is expected to be asymmetric in this case. This effect is clearly seen in Fig. 14 .
A detailed explanation of the analysis techniques and the results obtained is given in the following subsection. 
A. The Dalitz method
The Dalitz plot population has been fit assuming KK * two-body processes as intermediate states and a continuum contribution coming from tails of resonances coupled with KK * , but lying below their production threshold [20] (see Sec. X). The density function is written in terms of 3-vector isospin amplitudes A I,K * , that, in turn, are products of a Breit Wigner distribution (BW ), the K * propagator, and angular distribution probabilities, described by Zemach tensors [21] . In this case, since the spectator particle is always a pseudoscalar meson (the kaon), the Zemach tensors are simply 3-vectors and the amplitudes are:
where p α is the 4-momentum of the generic final meson α and T K * is the Zemach tensor related to the K * . The two terms of Eq. 3 correspond to the two possible Kπ and Kπ combinations in which the K * and K * can exist. The coefficient C I α , which accounts for the total isospin I and the charge of the intermediate kaon α, has the form
The Zemach tensors for K * (892) and the K * 2 (1430) are shown in Table V . 
The Dalitz density has been fit in each bin of E c.m. with the function
where the A I,K * are the known amplitudes of Eq. 3, which depend on the K * (Kπ) invariant mass and the total energy E c.m. , and the complex coefficients f I,K * , depending only on E c.m. , and proportional to the isospin component of the corresponding K * K channel, are the free parameters. The complex values of the f I,K * parameters have been used to extract moduli and relative phase of the isospin components. The analysis described in the following applies only to the K 0 S K ± π ∓ Dalitz plot, since only in this case, with both charged and neutral K * contributing, we can separately extract the isoscalar and isovector components. Because the KK * (892) and KK * 2 (1430) represent the dominant contribution to the KKπ production at c.m. energies below and above 2.0 GeV, respectively, these two regions have been considered separately. Figure 15 shows, in the low-energy region, the K 
" .
The dominance of the K * (892) in each Kπ channel appears evident. As a result, in the following we will consider the process e + e − → K * (892)K as the dominant one. The different shapes observed for the charged (Fig. 15(b) ) and neutral K * (892) (Fig. 15(c) ), are due to interference effects between the isoscalar and isovector components (see Sec. X A).
Figures 16 and 17 show the isoscalar and isovector cross sections; numerical values are reported in Tables VI  and VII respectively. Figure 18 shows the relative phase between the two amplitudes. In addition to the errors reported in Table I we must consider the 15% systematic uncertainty associated with the Dalitz plot-fit procedure. This quantity has been evaluated by studying the effects of different parameterizations for the BW distributions which describe the intermediate K * resonances in the amplitudes of Eq. 3. The isoscalar contribution, see Fig. 16 , is dominant with respect to the isovector, (Fig. 17 ) and clearly shows a resonant behavior. Moreover, the isovector cross section seems to be compatible with a pure phase space shape. However, using the complete information, including the relative phase, shown in Fig. 18 , we also find that the isovector component has a resonant structure (for details see Sec. X A). Figure 19 shows projection (Fig. 19(c) ), the charged K * 2 (1430) is the main contribution in the K 0 S π ± projection (Fig. 19(b) ). This can be interpreted as a different spatial structure of these mesons: K * (892) is a vector, while K * 2 (1430) is a tensor. The Dalitz plot analysis in this energy range is performed with four isospin amplitudes, an isoscalar and Tables VIII and IX respectively. The structure observed at E c.m. ≃ 2.1 GeV in the isoscalar and E c.m. ≃ 2.25 GeV in the isovector components may be interpreted as pure threshold effects. Indeed, the transition form factors, obtained by taking the square root of the cross sections divided by the appropriate phase space (a pseudoscalar and a tensor meson in the final state), have a steep yet smooth behavior, as shown in Fig. 21 . The simplest interpretation calls for transition form factors that collect the main contributions from low-energy resonances lying below threshold. Further study and higher statistics would help to clarify this item.
VII. THE J/ψ REGION
Clean J/ψ signals are observed in almost all the final states under study, from which we extract the corresponding decay rates. Figure 22(a) shows the inclusive distribution in the J/ψ mass region for the K
A fit with a Gaussian for the J/ψ peak and a linear function for the continuum, gives σ(M K 0 S Kπ ) = 6.5 MeV/c 2 and less than 1 MeV/c 2 difference from the PDG [17] value for the J/ψ mass. To account also for possible radiative or experimental effects we determine the yields under the J/ψ peak by fitting with a doubleGaussian. As shown by the Dalitz plot analysis, the e + e − → KKπ reactions proceed mainly through formation of the intermediate KK * (892) state. We could therefore extract the J/ψ → K * (892)K decay rates, where the
In order to isolate the different K * (892) contributions, we require E K > 1.4 GeV in the KKπ c.m. frame for the kaon not coming from the K * (892) decay, as expected for a two-body J/ψ decay. A check of the Dalitz plot provides an estimate of the residual contamination from wrong Kπ combinations, which is found to be less than 3.0%. From the fit to the mass distributions obtained for the different K * (892)K final states, shown in Fig. 22(b-d) , we derive the number of events reported in Table X, together with the corresponding J/ψ branching fractions multiplied by the J/ψ → e + e − width. The latter quantity has been obtained through
where B J/ψ f is the branching fraction for J/ψ → f , dL/dE = 65.6 nb −1 / MeV is the ISR luminosity integrated at the J/ψ mass, ǫ is the detection efficiency ob- tained from simulation, and C ≡ (hc/2π) 2 = 3.894 × 10 11 nb MeV 2 is a conversion constant. The systematic errors have been estimated by considering, in addition to the values reported in Tables I and IV, The event selection for φπ 0 production closely follows the procedure described for K + K − π 0 with non-resonant
We tighten a few cuts in order to remove random photon combinations that could fake a π 0 . In particular we lowered to 300 MeV the cut on the additional detected neutral energy, and we require that the direction of the observed ISR photon matches that pre- dicted by the one-constraint fit within 12 mrad. Figure 23 shows the K + K − mass, M KK , versus the γγ mass, M γγ . The plot is divided into nine equally sized regions, with the central one, which corresponds to 1.010 < M KK < 1.030 GeV/c 2 and 0.110 < M γγ < 0.160 GeV/c 2 , being the signal region. We extract the number of signal S and background B events contained in the central cell, by solving the following linear equation system: where N 0 and N 1 are the yields in the central cell and the sum of yields in adjacent cells (i.e. the cells numbered as 2, 4, 6 and 8 in Fig. 23 ), respectively. The fractions of signal events contained in the central and adjacent cells have been determined from MC simulation, while the factor of 2 multiplying B in the second equation is a consequence of the fact that the background is linear with respect to both γγ and KK masses. We find 54 tion), and qq, τ τ production from continuum, shows that their contribution is negligible. We can thus conclude that the only sources of background are represented by the non-resonant KKπ 0 γ final state, and by a number of ISR processes with a true φ and a random γγ combination. Figure 24(a) shows the φ signal in the K + K − invariant mass, after the cut around the π 0 mass is applied; viceversa, Fig. 24(b) shows the π 0 signal once a φ is selected. Fitting these distributions with a Gaussian and a linear background we estimate the two background sources to be 15 ± 2 and 7 ± 3 events, respectively.
The mass spectra for the data and the estimated backgrounds are shown in Fig. 25 . The mass spectrum for the KKπ 0 background is obtained from the simulated sample, while the spectrum for the other ISR backgrounds is taken directly from the π 0 sidebands. The e + e − → φπ 0 process is simulated considering only φ → K + K − decays, so that the cross section as a function of the effective c.m. energy is given by
where E c.m. is the invariant mass of the φπ 0 system; dN φπ 0 γ is the number of selected φπ 0 events after background subtraction in the interval dE c.m. , ǫ(E c.m. ) is the detection efficiency obtained from MC simulation (see Fig. 26 ), and B(φ → K + K − ) is the world average value of the φ → K + K − decay rate [17] . The energy behavior of the cross section is shown in Fig. 27 and reported in Table XII . The cross section has a maximum of about 0.2 nb around 1.6 GeV/c 2 . The efficiency corrections and the systematic uncertainties which affect the φπ 0 cross section measurement are similar to those of the K + K − π 0 reaction. However, the uncertainties on background subtraction are larger, and we have to account also for the 1.2% uncertainty on the φ → K + K − branching fraction. The total systematic error associated to the cross section measurement is therefore ±8.7%.
We analyze φη and K + K − η (with non-resonant K + K − pairs) final states separately, selecting samples with an invariant mass of the K + K − system below and above 1.045 GeV/c 2 : φ and NOT-φ events, respectively. In both cases, because of the cleanliness of the η signal, no additional cuts on photons or extra neutral energy are required. The K + K − and γγ invariant mass distributions for selected events are shown in Fig. 28 . A.
Following the same strategy as the analysis described in the previous sections, we select a total of 113 candidate events. We estimate 42 ± 42and 15 ± 8 ISR background events: 56 ± 43 events is then the overall signal yield. Figure 29 shows the e + e − → K + K − η mass spectrum from production threshold up to about 4 GeV, together with the estimated backgrounds, while the relative cross section is depicted in Fig. 30 and the results are listed in Table XIII . The uncertainties on background estimation, in par- ticular thecontribution, completely dominate the systematic errors, which sum up to about 80%. On the other hand, the J/ψ region is essentially free from any background, as can be seen from the very clean η and J/ψ signals shown in Fig. 31 . We select 21±3 J/ψ → K + K − η events, from which we measure
and extract the first evaluation of the J/ψ → K + K − η branching fraction:
B.
The extremely clean φ signal makes this channel almost background-free. Following the background-subtraction procedure as for the φπ 0 final state we get 483 signal and 9 background events. The φ signal, once a η is selected, and the η signal, after the φ selection, are shown in Fig. 32 . We simulate several specific reactions with real φ and/or η in the final state, namely different ISR processes and qq, τ τ production, finding no significant contribution. The mass spectrum for signal events is shown in Fig. 33 , together with the subtracted distribution for the background events obtained from the side bands. The efficiency corrections and the systematic uncertainties that affect the φη cross section measurement are very similar to those of the Table IV ). However, the background level is so low for the φη final state that the associated errors are negligible and do not affect the background subtraction procedures. The systematic uncertainty associated with η reconstruction is equivalent to that for photon reconstruction, and the uncertainty on the φ → K + K − decay rate is 1.2%. The total systematic error is thus ±5.3%, while the efficiency is overestimated by 4.6%. The detection efficiency shown in Fig. 34 as a obtained with an expression analogous to Eq. 8, are reported in Table XIV and in Fig. 35 .
The cross section peaks at about 3.0 nb around 1.7 GeV and also hints at a possible resonant behavior around 2.1 GeV. Above the J/ψ mass the cross section is very small, as shown in the inset of Fig. 35 . 
X. CROSS SECTION FITS
The cross section parametrization used to fit the data leading to the final state f ,
where P f (s) is the phase space of the f final state, A n.r.
f (s) describes the non-resonant background, mainly due to the tails of resonances below threshold, and the sum runs over all the vector resonances, with mass M R , width Γ R and relative phase Ψ R , assumed to contribute to the cross section. All of the final states analyzed contain a vector and a pseudoscalar meson. The phase space for f = V P has the form:
A. Fitting KKπ and φη cross sections
The statistics are large enough to attempt a complete description of the KK * (892) channel. The K
Dalitz plot yields not only the isoscalar σ 0 and isovector σ 1 components, but also their relative phase ∆φ (Figs. 16, 17 and 18 ). In addition, the e + e − → K ± K * ∓ (892) cross section, obtained by integrating the
Dalitz plot multiplied by the isospin factor of three, and taking into account corrections due to the interference relevant for K ± π 0 in the K * (892) region, provides a further constraint on σ 0 , σ 1 and ∆φ. Indeed, both the cross sections for e + e − → K ± K * ∓ (892) and
c. can be defined in terms of opposite combinations of the same isospin components:
We note that the square root of the cross sections σ 0 and σ 1 , having roughly the same phase space (the mass difference between neutral and charged K * (892) can be neglected here and in the following), are proportional to the corresponding amplitudes. The isoscalar KK * (892) cross section σ 0 and σ φη appear to be dominated by the same structure, a broad peak with M ≈ 1.7 GeV/c 2 . This behavior is theoretically expected because the two final states have the same quantum numbers I G (J P C ) = 0 − (1 −− ) and similar strangeness content. In principle, quantum number conservation should allow ω-like and φ-like contributions for both cross sections. However, in the case of the φη final state, the OZI rule [23] strongly suppresses any intermediate ω-recurrence. On the other hand, for the channel KK * (892), where the OZI rule does not apply, there are also suppression factors. Suppression of ω-like versus φ-like coupling could account for as much as a factor of four [17, 24] ; an additional price has to be paid if a strange quark pair has to be created from the vacuum. Hence, in the following we will consider all the structures contributing to the isoscalar amplitudes as φ-like resonances. In particular, the peak with M ≈ 1.7 GeV/c 2 matches the first φ-like excited state, so we will assume it to be simply the φ ′ .
The first result that can be drawn comparing the cross section data on σ 0 and σ φη (Figs. 16 and 35 ) is an estimate for the ratio between the decay fractions of the φ ′ into KK * (892) and φη. Indeed, at the φ ′ peak:
where B R f is the branching ratio for the decay R → f . From Eq. 14 one can infer that both the KK * (892) and the φη channel represent an important fraction of the φ ′ total width.
In order to make optimal use of the experimental data, we perform a global fit exploiting all available information from the KKπ final states (four sets of data: σ 0 , σ 1 , ∆φ and σ K ± K * ∓ (892) ) as well as the φη cross section.
We have considered also a recently published BABAR measurement on the φη cross section [25] in the e + e − → K + K − π + π − π 0 channel. These data, even though with a lower statistics, are in agreement with our measurement.
We have performed two fits, in the first case we used only our samples (five sets of data: σ 0 , σ 1 , ∆φ, σ K ± K * ∓ (892) and σ φη ), in the second case we included the φη cross section from Ref. [25] .
We parametrize the KKπ isoscalar and the isovector cross sections using Eq. 11 with one resonance each and a non-resonant background, assumed to be the φ tail. The isoscalar cross section shows a clearly resonant behavior, the shape of the sub-dominant isovector cross section instead appears compatible with a pure phase space. However, using the information of the relative phase, ∆φ (Fig. 18) , it can be shown that such a quantity is not consistent with a real isovector amplitude, as expected in case of a non-resonant behavior. If this were indeed the case, the relative phase should be as shown by the light gray band in Fig. 36 . This is clearly not compatible with the data (solid circles). The isovector cross section σ 1 , then, has to be described in terms of a ρ-like excited state, the ρ ′ in the following. Finally, the φη cross section is parametrized using two resonances: in addition to the dominant φ ′ just above threshold, we include a small contribution, probably due to an excited ss or a more exotic state (tetraquark, hybrid) with a mass around 2.13 GeV/c 2 , the φ ′′ , that has been observed decaying into φf 0 (980) [26] .
A good parametrization of the non-resonant background, the function A n.r. f (s) (f = KK * (892), φη), can be obtained using a 1/s scaling (A n.r.
f /s). As a result, the shape of the non-resonant part, Eq. 11, is given directly by the phase space, and we may define the non-resonant cross section as:
We stress that, as shown in Table XV , this cross section represents only a small fraction of the resonant one.
We describe wide resonances using energy-dependent widths, Γ R (s) (see Eq. 11), parametrized as:
where Γ R is the constant total width, and P k (s) and B R k are the phase space and the branching fraction for the transition of R into the final state k respectively ( k B R k = 1). In case of narrow peaks we use fixed widths. ) amplitudes: data and fits superimposed (dark-gray and hatched bands). In particular the dark-gray band is obtained by using only our φη cross section, while the hatched band including also the data from Ref. [25] . The light-gray band represents the relative phase expected in case of nonresonant isovector component.
As already mentioned, the most important resonance in these processes is the φ ′ : it represents the main contribution for both σ 0 and σ φη . It follows that the total width Γ φ ′ (s) will account for both these V P -like final states: the isoscalar KK * (892) and the φη. Other final states with small branching ratios are parametrized by adding a constant term to the width
The φ ′′ , with a constant width, is included to model the φη cross section.
The main contribution to the cross section σ 1 comes from the ρ ′ resonance. We assume the ρ ′ to decay mainly in four pions, and again include a constant term to account for other channels: where, for P 4π (s) we use:
with n = 3/2. Note that the fit is not sensitive to this power, as higher values (e.g. n = 5/2) give similar parameters. Our global fit results are summarized in Table XV and shown in Figs. 36-39 , where the errors of data points include both statistical and systematic uncertainties, and the bands represent the convolution of the one-sigma statistical errors of the fit. The solid and the hatched fill refer to the two considered cases. In particular, Figs. 37 and 36 show data and fits for the isospin components and the relative phase from the K Fig. 38 shows the cross section σ K ± K * ∓ (892) , and Fig. 39 shows σ φη , as obtained in this analysis and in Ref. [25] . 
All these data sets support the hypothesis that the main contribution in the isoscalar amplitudes is the resonance φ ′ , while the isovector component is almost fully described by a broad excited ρ state. However, the normalized χ 2 n.d.f. values, 1.28 in the first case and 1.20 in the second case when the data on the φη cross section from Ref. [25] are used, do not exclude the presence of other possible structures but, on the other hand, the accuracy of the data does not allow any clear identification.
As mentioned above, the mass and width of the φ ′ are compatible with the φ(1680) [17] . The parameters obtained for the φ ′′ , the second isoscalar excited state, are consistent with those reported in Ref. [26] . A clear evidence for this decay channel cannot be established with the available data sample, however, the probability to be a statistical fluctuation is 6×10
−4 (25 events under the peak with an expectation of 11 evaluated from the mass spectrum in Fig. 35 ). The ρ ′ from the isovector component of the KK * (892) cross section has a mass value in agreement with Ref. [17] , although this agreement is not particularly striking given the width of this resonance.
It is worth stressing that at E c.m. above 1.8 GeV, contributions coming from any higher mass K * certainly affect the fit in the KK * (892) channel. At low E c.m. the fit is very sensitive to the K * (892) width, when the Kπ invariant mass is close to the K * (892) threshold. However, analyticity relates KK * (892) and φη amplitudes to the K * (892) and φ radiative widths (that is KK * (892) and φη at s = 0) via dispersion relations. Exploiting these relations might lead to an improved determination of the threshold cross section.
The systematic effects due to the choice of fit model were evaluated by repeating the fits using different values for the relative phases Ψ R , and by choosing different parameterizations for the energy-dependent widths, as appropriate.
B.
Fitting the φπ 0 cross section
The φπ 0 channel is a pure isospin one final state, hence, using Eq. 11 to describe the corresponding cross section, only isovector contributions must be included. This channel has been selected as a possible candidate for multiquark intermediate states: contributions are expected from ρ recurrences, even though they are OZIsuppressed. We label any resonance in this channel as a ρ-like excited state.
Two cases have been studied in detail:
• only one ρ-like excited state, a ρ ′′ (to distinguish it from the ρ ′ of the previous case);
• two ρ recurrences, i.e., in addition to ρ ′′ , a narrow resonance to better represent the data around E c.m. ≈ 1900 MeV (Fig. 40) , labelled in the following as ρ(1900). we use the energy-dependent width
, where P 4π (s) is the four-pion phase space defined in Eq. 19, and B ρ ′′ 4π is the branching fraction for ρ ′′ → 4π.
The results of the fit with only the ρ ′′ are reported in the first column of the Table XVI. In the second case, where the ρ(1900) is also included, a two step procedure is used to determine the phases of the two quasi-real amplitudes. We find (Ψ ρ ′′ , Ψ ρ(1900) ) = (0, π) to be the best combination. With these phases we get the results reported in the second and third columns of the Table XVI. The results of the two fits are shown in Fig. 40 , superimposed on the cross section data.
A slightly better χ 2 is obtained by adding this extra resonance. We can not however exclude that the observed accumulation of events at E c.m. ≈ 1.9 GeV is produced by a statistical fluctuation. In fact, we observe 18 events to be compared to an expectation of 8 events, taking into account both the background and the tail of the ρ ′′ , and this translates in a Poisson probability of 2 × 10 −3 .
Mass, width, and quantum numbers [I G (J P C ) = 1 + (1 −− )] obtained for the ρ(1900) are compatible with those of the so-called "dip" observed in other channels, primarily multi-pion final states [27] . , 0.31) ( 
XI. SUMMARY AND CONCLUSIONS
We have studied the K
, and φη final states, produced in BABAR via ISR. We have measured the production cross section from threshold up to ≈4.6 GeV for all of these processes to an unprecedented accuracy.
By studying the asymmetric K 0 S K ± π ∓ Dalitz plot, we have obtained the moduli and relative phase of the isospin components for the KK * (892) cross section. The knowledge of the isoscalar and isovector cross sections, σ 0 and σ 1 , allows a simple description in terms of vector meson resonances, where ρ-and φ-like mesons do not mix. In addition, the relative phase gives unique information on the sub-dominant isovector component, which, although compatible with a pure phase space behavior, reveals a resonant structure.
Two global fits, that benefit from five interconnected sources of information (σ 0 , σ 1 , σ φη , σ K + K − π 0 and ∆φ), have been performed. In a first case we have used only the data samples coming from this analysis, while in the second case recent BABAR data on σ φη in the
channel have been included. Both φη and the isoscalar KK * (892) cross sections have been parametrized with the same dominant resonance φ ′ ; the suitable combination of σ 0 , σ 1 and ∆φ, obtained from the K 0 S K ± π ∓ channel, is used to describe the K + K − π 0 cross section. The mass and width for the φ ′ , the main resonant contribution in the isoscalar channels, are compatible with those of the φ(1680) meson reported in Ref. [17] . Concerning the φ ′′ resonance, included only in the φη channel, we find parameters compatible with those of the first observation in the φf 0 (980) final state [26] , confirming the quantum numbers of this resonance, I
G (J P C ) = 0 − (1 −− ). The isovector component of the KK * (892) cross section is described by one broad resonance, ρ ′ , whose mass is compatible with the ρ(1450), the first ρ recurrence. The slight inconsistency for the width is probably due to the fact that a single structure is not sufficient to describe this cross section and that the fit tends to broaden the ρ ′ to mimic a more complex structure. The present statistics does not allow the identification of multiple structures. The φπ 0 cross section has been fit with ρ recurrences, whose coupling with the final state is, however, OZIsuppressed. Two possible descriptions have been considered, with one and two resonances. Their parameters are reported in Table XVI .
The resonance labeled ρ ′′ , might be the so called C(1480), observed in π − p → φπ 0 n charge-exchange reactions [28] , in the same φπ 0 final state. However, a firm conclusion cannot be drawn at the moment; an OZIviolating decay of the meson ρ(1700) [17] cannot be excluded. The second structure, ρ(1900), is compatible with the "dip" already observed in other experiments, predominantly in multi-pion final states [27] .
In Table XVII we summarize the whole set of parameters obtained from the fit to the cross sections, with the inclusion of model related systematic errors.
As already pointed out, the normalized χ 2 's obtained from this global-fit procedure, are still compatible with other possible minor contributions that, however, cannot be precisely identified because of the accuracy of the data.
In the (2 − 3) GeV c.m. energy region the K K ± π ∓ ) can be explained in terms of constructive and destructive interference between different isospin components. This asymmetry might be connected to a similar effect observed in the radiative decay rates of the neutral and charged K * 2 (1430) [17] . Very clean J/ψ signals have been observed in most of the studied final states, allowing the measurement of the corresponding branching fractions.
We have no evidence of the Y (4260) decaying into K 
